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(57) ABSTRACT

Disclosed herein 1s a cable fault diagnosis system and
method, wherein when an application signal and a retlected
signal overlap each other due to the proximity of a fault
location to an application location or when the intensity of
the reflected signal 1s weak and thus falls outside of a
prescribed fault diagnosis range due to remoteness of the
fault location from the application location, a correction
location, at which a correlation function value has a global
maximum, 1s derived on the basis of a prescribed correlation
function for an application signal applied to a cable to be
mspected and an acquired reflected signal, a correction
signal, which 1s a reflected signal from which the application
signal 1s removed at the derived correction location, 1s
calculated, the distance between the correction location and
the acquisition location 1s derived on the basis of a time
delay, which 1s calculated on the basis of the calculated
correction signal and the reflected signal at the acquisition
location, and a propagation velocity, and therefore, even
when the application signal and the reflected signal overlap

due to the proximity of the fault location to the application
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location, the fault type and the fault location of the cable to
be mspected may be accurately detected, and even when the
intensity of the retlected signal 1s weak due to remoteness of
the fault location from the application location or due to a
minute fault level, accuracy and reliability of the fault type
determination and the fault location detection for the cable
to be inspected may be improved.
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CABLE FAULI DIAGNOSIS METHOD AND
SYSTEM

TECHNICAL FIELD

The present mvention generally relates to a cable fault
diagnosis method and system, and, more particularly, to a
method and system capable of detecting a fault type and a
tault location of a cable to be diagnosed on the basis of a
correction signal, from which an application signal has been
removed, and a reflected signal, when the application signal
and the reflected signal overlap each other due to the
proximity of a fault location to an application location or
when the intensity of the reflected signal 1s weak and thus
talls out of a fault diagnosis range due to remoteness of the
tault location from the application location, in detecting the
cable fault type and the fault location on the basis of the
application signal, applied to a cable to be diagnosed, and
the reflected signal acquired therefrom.

BACKGROUND ART

It has recently become known that a main cause of plane
crashes due to technical problems in the aircraft 1s merely
the breakdown of msulation of electrical wirings. Moreover,
demand for the systems such as control systems for nuclear
power plants, spaceships, submarines, or industrial control
equipment, which require high stability in an electrical
wiring, are 1s increasing, the diagnosis and evaluation of the
reliability of the electrical wiring are becoming important
activities.

In addition, precise diagnosis to determine whether there
1s an abnormality 1n a conducting wire and to determine the
location thereol are important technical issues at a site for
producing various kinds of wires 1n order to evaluate the
quality and consistency of the produced wires.

Accordingly, so far, such a precise diagnosing and loca-
tion measuring technique, namely, an electrical wiring diag-
nosis system, mainly adopts retflectometry to diagnose
whether there 1s an abnormality 1n a wire by transmitting a
certain signal to the wire and then measuring the retlected
signal.

Reflectometry 1s performed only in the time domain or in
the frequency domain. In reflectometry, a certain application
signal 1s transmitted to the wire, a reflected signal, which has
been reflected and returned, 1s measured, and then whether
there 1s a fault, such as an open circuit, a short circuit, or a
discontinuity, 1s determined, as well as the fault location or
characteristic impedance of the wire. There are various kinds
of retlectometry, including time-domain retlectometry,
standing-wave reflectometry, and frequency-domain retlec-
tometry.

However, 1n diagnosing a fault location and type of cable
by analyzing the reflected signal for such an application
signal 1n the time or frequency domain, restrictions have
occurred which include the case where the application signal
and the reflected signal overlap each other due to the
proximity of a fault location to an application location, the
case where the intensity of the reflected signal 1s weak, thus
causing a distance measurement error due to the remoteness
of the fault location from the application location, or the case
where the accuracy of coupling distance measurement 1s
lowered to cause degradation in the accuracy and reliability
of cable diagnosis results.

Accordingly, the present invention proposes a measure for
detecting a fault type and a fault location of a cable to be
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2

diagnosed on the basis of a correction signal, from which an
application signal 1s removed, and a retlected signal.

DISCLOSURE

Technical Problem

Accordingly, the present invention has been made keep-
ing 1 mind the above problems occurring in the conven-
tional art, and an object of the present invention 1s to provide
a cable fault diagnosis method and system which derives a
correction location on the basis of a prescribed correlation
function for an application signal applied to a cable to be
ispected and an acquired reflected signal and derives the
distance between the correction location and the acquisition
location on the basis of a correction signal, from which the
application signal 1s removed, at the derived correction
location and the reflected signal at the acquisition location,
when the application signal and the reflected signal overlap
cach other due to the proximity of a fault location to an
application location or when the intensity of the reflected
signal 1s weak and thus falls outside of a fault diagnosis
range due to the remoteness of the fault location from the
application location, 1n detecting the cable fault type and the
fault location on the basis of the application signal applied
to a cable to be mnspected and the reflected signal acquired
therefrom, thereby fundamentally improving the accuracy
and reliability of determination of the fault type and fault
location of a cable to be 1spected.

Technical Solution

In order to accomplish the above object, an aspect of the
present mvention provides a cable fault diagnosis system
including: an application signal generating unit, configured
to generate an application signal to which a prescribed
Gaussian-enveloped linear chirp signal 1s reflected through
reflectometry selected from among various kinds of reflec-
tometry and to apply the application signal to a cable to be
ispected; a retlected signal receiving unit, configured to
receive a reflected signal acquired from the cable to be
inspected; and a calculating unit, configured to derive an
abnormality occurrence location and a state of abnormality
of the cable to be inspected through time-domain-analysis of
the application signal from the application signal generating
umt and the reflected signal, wherein the calculating unit
derives a correction location, at which a function value
derived from a prescribed correlation function has a global
maximum for the application signal and the retlected signal,
when the application signal and the reflected signal overlap
due to the proximity of a fault location to an application
location or when the intensity of the reflected signal 1s weak
and thus falls outside of a prescribed fault diagnosis range
due to the remoteness of the fault location from the appli-
cation location, generates a correction signal, 1n which an
application signal at the correction location 1s removed from
the acquired retlected signal, and derives a time delay value
between the correction location of the correction signal and
the retlection location of the reflected signal using a pre-
scribed correlation function for the generated correction
signal and the reflected signal and then derives the distance
between the correction location and the acquisition location
on the basis of the dernived time delay value and the
propagation velocity.

The retlectometry may be one of Sequence Time Domain
Reflectometry (STDR) and Spread Spectrum Time Domain
Reflectometry (SSTDR).
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The calculating unit may include: a time correlation
module, configured to derive the correction location at
which a function value derived from the correlation function
of the application signal and the reflected signal has the
global maximum and to generate the correction signal on the 5
basis of a reflected signal from which the application signal
at the correction location 1s removed; and a calculating
module, configured to derive the time delay value on the
basis of the correction signal generated in the time correla-
tion module and the reflected signal, and to derive the 10
distance between the correction location and the acquisition
location on the basis of the time delay value and the
propagation velocity to thus determine the abnormality
occurrence location and the state of abnormality of the cable
to be inspected. 15

The time correlation module may include: a first time
correlator, configured to derive the correction location at
which the prescribed correlation function value has the
global maximum on the basis of the application signal and
the retlected signal; and a second time correlator, configured 20
to generate a correction signal on the basis of a reflected
signal, from which the application signal 1s removed, at the
correction location.

The first time correlator may be provided to calculate a
correlation function value 1n the time domain for the appli- 25
cation signal, the correlation function value being generated
on the basis of a Gaussian-enveloped linear chirp signal,
generated from the application signal generating unit, and
the retlected signal, and to derive the correction location at
which the calculated correlation function value has the 30
global maximum.

The second time correlator may be provided to generate
a correction signal, which 1s a reflected signal from which
the application signal at the correction location 1s removed,
on the basis of the diflerence between the application signal 35
and the retlected signal at the correction location.

The calculating module may be provided to derive a
location of occurrence of a cable fault and a fault diagnosis
result on the basis of the correction signal and the reflected
signal, a correlation function 1 a time domain for the 40
correction signal and the reflected signal, and the propaga-
tion velocity.

In order to accomplish the above object, another aspect of
the present invention provides a calculating apparatus of a
cable fault diagnosis system. The calculating apparatus 45
includes: a time correlation module, configured to derive a
correction location, at which a prescribed correlation func-
tion has a global maximum, the correlation function being
prescribed for an application signal, to which a Gaussian-
enveloped linear chirp signal, prescribed through a retlec- 50
tometry selected from among various kinds of reflectometry,
1s reflected, and an reflected signal, and to generate the
correction signal on the basis of an application signal at the
correction location and an acquired reflected signal; and a
calculating module configured to derive a time delay value 55
on the basis of the correction signal generated in the time
correlation module and the reflected signal, and to derive an
abnormality occurrence location and a state of abnormality
of the cable on the basis of the time delay value and a
propagation velocity. 60

The time correlation module may include: a first time
correlator, configured to derive a correlation function value
in a ttime domain for the application signal, generated from
the application signal generating unit and the reflected
signal, and to derive a correction location, at which the 65
derived correlation function value has the global maximum;
and a second time correlator, configured to generate a

4

correction signal, which 1s a reflected signal from which the
application signal at the correction location 1s removed, on

the basis of the diflerence between the application signal at
the correction location and the reflected signal.

The calculating module may be provided to derive the
location of occurrence of a cable fault and a fault diagnosis
result on the basis of the correction signal and the retlected
signal, the prescribed correlation function for the correction
signal and the reflected signal, and the propagation velocity.

In order to accomplish the above object, another aspect of
the present invention provides a cable fault diagnosis
method including: generating an application signal, to which
a Gaussian-enveloped linear chirp signal prescribed through
reflectometry, selected from among various kinds of reflec-
tometry 1s reflected, to provide the application signal to a
cable to be mspected; receiving a reflected signal acquired
from the cable to be inspected; and calculating to derive a
correction location at which a prescribed correlation func-
tion for the application signal and the reflected signal has a
global maximum, generate a correction signal, which 1s a
reflected signal from which an application signal at the
derived correction location 1s removed, and derive a cable
fault location and a fault type on the basis of the generated
correction signal and the reflected signal, when the appli-
cation signal and the reflected signal overlap due to the
proximity ol a fault location to an application location or
when the intensity of the reflected signal 1s weak and thus
falls outside of a prescribed fault diagnosis range due to
remoteness of the fault location from the application loca-

tion.
The reflectometry may be one of STDR and SSTDR.

-

T'he calculating may include deriving a correlation func-
tion value in the time domain for an application signal
generated from a chirp signal, generated from the applica-
tion signal generating unit, and a reflected signal, and
deriving the correction location at which the derived corre-
lation function has the global maximum; generating a cor-
rection signal, which 1s a reflected signal from which an
application signal at the correction location 1s removed, on
the basis of the diflerence between the application signal at
the correction location and the reflected signal; and deriving
the location of occurrence of the cable fault and the fault
diagnosis result on the basis of the correction signal and the
reflected signal, a correlation function value defined for the
correction signal and the reflected signal, and a propagation
velocity.

Advantageous Eflects

According to the present invention, when an application
signal and a reflected signal overlap each other due to the
proximity of a fault location to the application location or
when the intensity of the reflected signal 1s weak and thus
falls outside of a prescribed fault diagnosis range due to
remoteness of the fault location from the application loca-
tion, a correction location, at which a correlation function
value has a global maximum, 1s derived on the basis of a
prescribed correlation function for an application signal, to
which a Gaussian-enveloped linear chirp signal prescribed
through reflectometry selected from various kinds of reflec-
tometry, 1s reflected and an acquired reflected signal, a
correction signal 1s calculated, the correction signal being a
reflected signal from which the application signal 1s
removed at the derived correction location, the distance
between the correction location and the acquisition location
1s dertved on the basis of a time delay, which 1s calculated
on the basis of the calculated correction signal and the
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reflected signal at the acquisition location, and a propagation
velocity. Accordingly, even when the application signal and
the reflected signal overlap each other due to the proximity
ol the fault location to the application location, the fault type
and the fault location of the cable to be inspected may be
accurately detected. In addition, even when the intensity of
the retlected signal 1s weak due to the remoteness of the fault
location from the application location or due to a minute
tault level, the accuracy and reliability of the fault type and
the fault location detection for the cable to be mspected may
be 1mproved.

DESCRIPTION OF DRAWINGS

The accompanying drawings illustrate the embodiments
of the present invention and are included to provide a further
understanding of the spirit of the present mnvention together
with the detailed description of the mvention, and accord-
ingly, the present mvention should not be limitedly inter-
preted based on the matters shown 1n the drawings.

FIG. 1 1llustrates the configuration of a cable fault diag-
nosis system according to an embodiment of the present
invention;

FIG. 2 1llustrates the configuration of a calculating unit of
a cable Tault diagnosis system according to an embodiment
of the present invention;

FIG. 3 shows output wavetorms of the calculating unit of
a cable fault diagnosis system according to an embodiment
of the present invention;

FIG. 4 shows waveforms of signals of a cable fault
diagnosis system to which an embodiment of the present
invention 1s applied; and

FIG. 5 1s a flowchart 1llustrating a cable fault diagnosis
process of another embodiment of the present invention.

BEST MOD.

(Ll

Hereinafter, a cable fault diagnosis system and method
according to the present invention will be described 1n detail
with reference to the accompanying drawings. The thick-
nesses of lines and sizes of elements in the drawings may be
exaggerated for clarity and convenience of explanation. In
addition, terms used throughout the present specification are
defined 1n consideration of functions in the present inven-
tion, and thus may be different depending upon user’s and
operator’s mtentions or practices. Therefore, the terms may
be defined based on descriptions made throughout the
example embodiments.

Reference now should be made to the drawings, 1n which
the same reference numerals are used throughout the differ-
ent drawings to designate the same or similar components.

FI1G. 1 illustrates a cable fault diagnosis system according,
to an embodiment of the present invention and FIG. 2
illustrates the configuration of the calculating unit illustrated
in FIG. 1. The cable fault diagnosis system according to the
embodiment of the present invention will be described with
reference to FIGS. 1 and 2.

As 1llustrated m FIGS. 1 and 2, the cable fault diagnosis
system according to an embodiment of the present invention
1s configured to provide an application signal s(t) to a cable
to be mspected, acquire a reflected signal after the applica-
tion signal s(t) propagates through the cable, analyze time
information for the acquired retlected signal, and diagnoses
a fault location and the type of the cable to be inspected,
where the frequency of the application signal s(t) linearly
increases according to time, like a Gaussian-enveloped
linear chirp signal p,.(t) generated using reflectometry
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6

selected from between sequence time reflectometry (STDR),
for observing phases of an application signal at an applica-
tion location and a reflected signal acquired at an acquisition
location to determine the fault location and the type of the
cable, and spread spectrum time reflectometry (SSTDR), for
applying a signal, a band of which 1s spread using a sequence
having excellent self-correlation performance and 1s then
phase-shift-keying-modulated, and observing the phase of
an acquisition signal which has been retlected and returned
from the fault location to detect the fault location and fault

type.

At this point, when the application signal propagates 1n
the cable to be ispected, the amplitude thereof 1s attenuated
and the phase thereof 1s distorted depending on the cable
characteristics. At this point, the degree of amplitude attenu-
ation and the degree of phase distortion of the application
signal depend on the frequency of the signal and the dis-
tance, and the propagation factor of the cable 1s reflected
thereto.

A cable fault diagnosis system according to an embodi-
ment of the present invention i1s provided to derive a
correction location, at which a prescribed correlation func-
tion for an application signal and a reflected signal has a
global maximum, calculate a correction signal, which 1s a
reflected signal from which an application signal 1s removed
at the derived correction location, and to derive the fault
location and the fault type of a cable to be inspected on the
basis of the calculated correction signal and the retlected
signal, when the application signal and the reflected signal
overlap each other due to the proximity of the fault location
to the application location or when the intensity of the
reflected signal 1s weak and thus falls outside of a prescribed
fault diagnosis range due to remoteness of the fault location
from the application location. The system 1ncludes an appli-
cation signal generating unit 100, a reflected signal receiving
unmit 200, and a calculating unit 300.

Here, the application signal generating unit 100 generates
an application signal s(t) on the basis of a chirp signal, the
frequency of which linearly changes over time, generated
using reflectometry selected from between STDR and
SSTDR.

Parameters of the application signal s(t) are generated
through General Purpose Interface Bus (GPIB) program-
ming of a device control program means. Here, a sequence
of processes at the application signal generating unit 100 for
generating and localizing a chirp signal through the GPIB
programming 1s typically identical or similar to a sequence
of processes for generating an arbitrary waveform.

In addition, the generation of the application signal s(t) 1s
performed along the conducting wire of the cable to be
ispected, and when the fault location of the cable to be
inspected 1s reached, a portion of the application signal s(t)
1s transmitted and the remaining portion of the application
signal s(t) 1s retlected according to a reflection coeflicient.

At this point, the calculating unit 300 1s provided to
determine whether there 1s a fault in the cable to be inspected
by considering a time delay value 1D, which 1s the time
difference between the location of application of the appli-
cation signal s(t) and the location of acquisition of a reflected
signal r(t). For example, 11 the time delay value TD 1s large,
it may be determined that a fault exists in the cable.

The calculating unit 300 denives the time delay value t,,
on the basis of the value from a prescribed correlation
function R.A{t) for the received application signal s(t) and
the retlected signal r(t), and derives the distance d between
the application location and the acquisition location on the
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basis of a predefined propagation velocity v.. The correla-
tion function R.{T) and distance d satisty the following

Equations (1) and (2).

1 NT, * (1)
Rer(T) = NT L S(Or*(r + 7)dr
B Vo XTh (2)
d = 2

Here, when STDR, for observing phases at the application
location and the acquisition location to determine a fault
location and a fault type, 1s adopted, the application signal
s(t), which uses an N binary sequence c=[c,, ¢, . .
satisiies the following Equation (3).

* 9 CN—I]:

| —

s(1) =

H=

(3)
CnPTc(I - HT(:)

1, 0=t< T,
PT(:(I) —

0, otherwise

On the other hand, when SSTDR for applying a signal, the
band of which 1s spread using a sequence having excellent
seli-correlation performance and 1s then phase-shift-keying-
modulated, and for observing the phase of an acquisition
signal, which has been reflected and returned from a fault
location, to detect the fault location and the fault type, 1s
used, the application signal s(t), which uses an N binary
sequence ¢=[c,, C,, . . ., Caq]s ¢,;E1-1,1}, satisfies the
tollowing Equation (4).

| —

s(1) =

(4)
Cn PT-::(I — HT(;)

cos(2rf.1), 0<r=<T,
prell) =

0, otherwise

o

In addition, the calculating unit 300 1s provided to derive
a correction location (t,), at which the value of the pre-
scribed correlation function R.{t) has a global maximum
for the predefined application signal s(t) and the reflected
signal r(t), to calculate a correction signal e(t), which 1s a
reflected signal from which an application signal s(t—t,) at
the derived correction location T, 1s removed, and to derive
the fault location and type of the cable to be inspected on the
basis of the calculated correction signal e(t) and the reflected
signal r(t).

In other words, as illustrated 1n FI1G. 2, the calculating unait
300 further includes a time correlation module 310 {for
deriving the correction location t,, at which a global maxi-
mum 1s resulted, from the correlation function R {t) of the
application signal s(t) and the reflected signal r(t), and for
generating the correction signal e(t) on the basis of the
application signal s(t-t,) and the acquired reflected signal
r(t) at the correction location t,, and a calculating module
320 for deriving the time delay value T, on the basis of the
correction signal e(t) generated in the time correlation
module 310 and the reflected signal r(t) to derive the
abnormality occurrence location and the state of abnormality
of the cable.

The time correlation module 310 includes a first time
correlator 321, for deriving the correction location at which
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the predefined correlation function has a global maximum
on the basis of the application signal and the retlected signal,
and a second time correlator 322, for generating a correction
signal on the basis of an application signal and the acquired
reflected signal at the correction location.

Here, the correction signal 1s a reflected signal from which
an application signal at the correction location 1s removed.

The first time correlator 321 derives a correction location
T,, at which a correlation function has a global maximum on
the basis of a time domain correlation function R .{t) for the
application signal, generated from the application signal
generating unit 100, and the reflected signal, and the derived
correction location T, 1s delivered to the second time corr-
clator 322.

In addition, the second time correlator 322 generates the
correction signal e(t) on the basis of the difference between
the application signal s(t) and the reflected signal r(t) at the
correction location t,, and the correction signal e(t) satisfies
the following Equation (6).

e(t)=r()-s(t-Ty) (6)

The correction signal e(t) 1s then delivered to the calcu-
lating module 330.

The calculating module 330 dernives, from Equation (1),
an acquisition location T, at which the correlation function
R .~(T) for the correction signal e(t) and the retlected signal
r(t) has a global maximum and derives a time delay value T,
on the basis of the difference between the derived acquisition
location T, and the correction location ;.

In addition, the calculating module 330 derives, from
Equation (2), the distance d between the correction location
T, and the acquisition location T, on the basis of the time
delay value T, and the prescribed propagation velocity vp.

Here, the sequence of processes for deriving the distance
d between the correction location T, and the acquisition
location T, on the basis of the correction signal e(t) and the
reflected signal r(t) 1s identical or similar to STDR, for
observing phases at an application location and an acquisi-
tion location to determine the fault location and the fault
type, and SSTDR, for applying a signal, the band of which
1s spread using a sequence having excellent self-correlation
performance and then phase-shift-keying-modulated, and
for observing the phase of an acquisition signal reflected and
returned at a fault location to detect the fault location and the
fault type.

FIG. 3(a) 1s a wavelorm of an application signal, FIG.
3(b) 1s a wavelorm of a correction signal from which an
application signal at a correction location 1s removed, and
FIG. 3(¢) 1s a wavelorm showing a time-delayed state
derived on the basis of the correction signal and the retlected
signal. As 1llustrated, 1t may be seen that the distance
between the correction location and the acquisition location
of the reflected signal 1s 57.436 m.

FIG. 4 shows wavelorms 1n the case where the application
signal 1s an m sequence, of which the magnitude 1s 1 and the
length 1s 7, and there 1s one reflected signal of which the
dispersion of Gaussian noise 1s 0.25 and the magnitude 1s
reduced to half.

As 1llustrated, since the global maximum of the correla-
tion function 1s not the main lobe of the correlation function
for the retlected signal but a side lobe of the correlation
function for the application signal, the location of the
reflected signal may not be known. However, since the
correction location 11 of the global maximum of the corre-
lation function of the application signal and the reflected
signal 1s 50 [ns] and the acquisition location T, of the global
maximum of the correlation function of the application
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signal and the reflected signal 1s 200 [ns], the time delay
value t,, which 1s the difference between the correction
location T, of the correction signal and the acquisition
location T, of the reflected signal, 1s derived to be 1350 [ns].

On the basis of such a time delay value T, and a propa-
gation velocity, the distance d between the correction loca-
tion and the acquisition location may be derived, and accord-
ingly, the fault location and the fault type may be extracted.

In other words, a correction location, at which a correla-
tion function value has a global maximum, 1s derived on the
basis of a correlation function prescribed for an application
signal applied to a cable to be inspected and an acquired
reflected signal, a correction signal 1s calculated, which 1s a
reflected signal from which the application signal 1s
removed at the derived correction location, and the distance
between the correction location and the acquisition location
1s dertved on the basis of a time delay, which 1s calculated
on the basis of the calculated correction signal and a
reflected signal at the acquisition location, and a propagation
velocity. Accordingly, even when the application signal and
the reflected signal overlap each other due to the proximity
of the fault location to the application location, the fault type
and fault location of the cable to be ispected may be
accurately detected. In addition, even when the mtensity of
the reflected signal 1s weak due to the remoteness of the fault
location from the application location or due to a minute
tault level, the accuracy and reliability of the fault type and
tault location detection for the cable to be mspected may be
improved.

A sequence of processes will be described with reference
to FI1G. 5, 1n which a fault location and a fault type of a cable
to be inspected are detected on the basis of a derived
distance between a dertved correction location and an acqui-
sition location by derniving the correction location, at which
a correlation function value has a global maximum, on the
basis of a prescribed correlation function for an application
signal applied to the cable to be mspected and an acquired
reflected signal, calculating a correction signal, which 1s a
reflected signal from which the application signal 1s
removed at the derived correction location, and deriving the
distance between the correction location and the acquisition
location on the basis of a time delay value, which 1s
calculated on the basis of the calculated correction signal
and a reflected signal at the acquisition location, and a
propagation velocity, when the application signal and the
reflected signal overlap each other due to the proximity of
the fault location to the application location or when the
intensity of the retlected signal 1s weak and thus falls outside
of a prescribed fault diagnosis range due to remoteness of
the fault location from the application location.

FIG. 5§ 1s a flowchart of an operation process of the
calculating unit 1illustrated i FIG. 2, and a cable fault
diagnosis process according to another embodiment of the
present mnvention will be described with reference to FIGS.
1, 2 and 5.

Firstly, the application signal generating unit 100 gener-
ates an application signal s(t), of which the frequency
increases linearly over time and which includes a Gaussian-
enveloped linear chirp signal p..(t) selected according to one
kind of reflectometry selected from among STDR and
SSTDR, and applies the application signal s (1) to the cable
to be mspected (Step S1). At this point, the application signal
1s generated using the reflectometry selected from among
STDR and SSTDR.

Then, the reflected signal receiving unit 200 receives a
reflected signal r(t) acquired from the cable to be mspected
after the application signal s(t) 1s propagated (Step S3).
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In addition, the time correlation module 310 of the
calculating unit 300 derives the correction location T,, at
which the function value of the prescribed correlation func-
tion R .{T) has a global maximum for the application signal
s(t) and the reflected signal r(t), and calculates the correction
signal e(t), which 1s a reflected signal from which the
application signal s(t-t,) 1s removed at the derived correc-
tion location T, (step S5).

In other words, the correction signal e(t) 1s dertved as the
reflected signal r(t)—the application signal s(t-t,) at the
correction location T, (step S7).

In addition, a calculating module 320 of the calculating
umt 300 derives the acquisition location T,, at which a
function value 1s a global maximum, on the basis of a
prescribed correlation function for the correction signal e(t)
and the reflected signal r(t), and derives a time delay value
TD for the correction location of the derived correction
signal and the acquisition location T, of the reflected signal
(steps S9 and S11).

The calculating module 320 derives the distance d
between the correction location and the acquisition location
on the basis of the time delay value TD and the propagation
velocity v, and detects the tault location and the fault type
of the cable to be inspected on the basis of the derived
distance d (steps S13 and S15).

According to an embodiment of the present invention,
when an application signal and a retlected signal overlap
cach other due to the proximity of a fault location to the
application location or when the intensity of the reflected
signal 1s weak and thus falls outside of a prescribed fault
diagnosis range due to remoteness of the fault location from
the application location, a correction location, at which a
correlation function value has a global maximum, 1s derived
on the basis of a prescribed correlation function for an
application signal applied to a cable to be mspected and an
acquired reflected signal, a correction signal 1s calculated,
the correction signal being a reflected signal from which the
application signal 1s removed at the derived correction
location, the distance between the correction location and
the acquisition location 1s derived on the basis of a time
delay, which 1s calculated on the basis of the calculated
correction signal and the retlected signal at the acquisition
location, and a propagation velocity. Accordingly, even
when the application signal and the reflected signal overlap
cach other due to the proximity of the fault location to the
application location, the fault type and the fault location of
the cable to be inspected may be accurately detected. In
addition, even when the intensity of the reflected signal 1s
weak due to remoteness of the fault location from the
application location or due to a minute fault level, the
accuracy and reliability of the fault type determination and
the fault location detection for the cable to be mspected may
be 1mproved.

Steps of the method or the algorithm which has been
described in regard to the embodiments of the present
invention proposed herein are realized 1n the form of pro-
gram 1nstructions executable through various computer
means and are recordable 1n a computer-readable medium.
The computer-readable recording medium may 1nclude pro-
gram 1nstructions, data files, and data structures, alone or 1n
combination. The program instructions of the medium may
be designed and configured specifically for the present
invention, or may be a type that 1s known and readily
available to those skilled 1n the computer software field.
Examples of the computer-readable recording medium
include a magnetic medium such as a hard disk, floppy disk,
and magnetic tape, an optical recording medium such as a
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CD-ROM and DVD, magneto-optical media such as a
tfloptical disk, and a hardware device particularly configured
to store and execute the program instructions, such as ROM,
RAM, and flash memory. A program instruction may include
high-level language code executable by a computer using an
interpreter 1 addition to machine code created by a com-
piler. The hardware device may be configured to operate as
at least one soltware module to perform an operation of
various embodiments and vice versa.

Therefore, 1t should be understood that since the configu-
rations of the embodiments and drawings described herein
are merely exemplary embodiments of the present invention,
it will be readily understood by those skilled 1n the art that
vartous modifications and changes can be made thereto
without departing from the spirit and scope of the present
invention defined by the appended claims and their equiva-
lents.

INDUSTRIAL APPLICABILITY

When an application signal and a reflected signal overlap
due to the proximity of a fault location to the application
location or when the intensity of the reflected signal 1s weak
and thus falls outside of a prescribed fault diagnosis range
due to remoteness of the fault location from the application
location, a correction location, at which a correlation func-
tion value has a global maximum, 1s derived on the basis of
a prescribed correlation function for an application signal
applied to a cable to be mspected and an acquired retlected
signal, a correction signal, which 1s a reflected signal from
which the application signal 1s removed at the derived
correction location, 1s calculated, the distance between the
correction location and the acquisition location 1s derived on
the basis of a time delay, which 1s calculated on the basis of
the calculated correction signal and the reflected signal at the
acquisition location, and a propagation velocity. Accord-
ingly, even when the application signal and the reflected
signal overlap each other due to the proximity of the fault
location to the application location, the fault type and the
tault location of the cable to be inspected may be accurately
detected. In addition, even when the mtensity of the reflected
signal 1s weak due to remoteness of the fault location from
the application location or due to a minute fault level, the
accuracy and rehiability of the fault type determination and
the fault location detection for the cable to be mspected may
be improved. Therelfore, the present mnvention may improve
a cable fault diagnosis system and method in terms of
operational accuracy and reliability, and furthermore, from
the aspects of performance and etfliciency. In addition, since
an electrical wiring system 1s sufliciently sellable or tradable
for geology/mineral resource exploration, material surface
inspection, radar/sonar, communication network wirings,
optical cable diagnosis, remote sensing, leakage diagnosis of
a fluid guiding tube, or level measurement, etc., and 1is
apparently practicable, the present invention has industrial
applicability.

What 1s claimed 1s:

1. A cable fault diagnosis system comprising:

an application signal generating unit configured to gen-
crate an application signal (S(t)) to which a prescribed
Gaussian-enveloped linear chirp signal 1s reflected, and
to apply the application signal (S(t)) to a cable to be
ispected;

a reflected signal recerving unit configured to receive a
reflected signal (r(t)) of the application signal (S(t))
reflected from the cable; and
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a calculating unit configured to find a fault location and a
fault type out of the cable using time-domain-analysis,
wherein:

the application signal generating unit applies the appli-
cation signal (S(t)) to the cable;

the retlected signal recerving unit recerves the retlected
signal (r(t)) of the application signal reflected from
the cable;

the calculating unit calculates a predetermined corre-
lation function of the application signal (S(t)) and the
reflected signal (r(t)) and obtains a first time (t1) at
which the predetermined correlation function of the
application signal and the reflected signal has a
global maximum;

the calculating unit calculates a correction signal (e(t))
by removing a delayed application signal (S(t-t1))
from the retlected signal (r(t)), wherein the delayed
application signal (S(t-t1)) corresponds to the appli-
cation signal (S(t)) with a time delay t1;

the calculating unit calculates the predetermined cor-
relation function of the correction signal (e(t)) and
the reflected signal (r(t)) and obtains a second time
(12) at which the predetermined correlation function
of the correction signal (e(t)) and the reflected signal
(r(t)) has a global maximum; and

the calculating unit calculates a time diflerence (td)
between the second time (12) and the first time (t1),
and finds the fault location and the fault type using
the time difference (td).

2. The cable fault diagnosis system of claim 1, wherein
the system uses a reflectometry selected one of Sequence
Time Domain Reflectometry (STDR) and Spread Spectrum
Time Domain Retlectometry (SSTDR).

3. The cable fault diagnosis system of claim 1, wherein
the calculating unit comprises:

a time correlation module configured to find the first time
(t1) and a correction location corresponding to the first
time (t1), and calculate the correction signal; and

a calculating module configured to find the second time
(t2), calculate the time difference, and find the fault
location and the fault type based on the time difference.

4. The cable fault diagnosis system of claim 3, wherein
the time correlation module comprises:

a first time correlator configured to derive the correction

location; and

a second time correlator configured to generate the cor-
rection signal.

5. The cable fault diagnosis system of claim 4, wherein
the calculating module calculates the fault location by
multiplying the time difference (td) by a propagation veloc-
ity.

6. A cable fault diagnosis method comprising:

Generating, by an application signal generating unit, an
application signal (S(t)), to which a Gaussian-envel-
oped linear chirp signal, 1s reflected;

applying, by the application signal generating unit, the
application signal (S(t)) to a cable to be 1nspected;

recerving, by a reflected signal recerving unit, a reflected
signal (r(t)) of the application signal reflected from the
cable;

calculating, by a calculating unit, a predetermined corre-
lation function (R (1)) of the application signal (S(t))
and the reflected signal (r(t)) and obtaining a first time
(t1) at which the predetermined correlation function
(R 1)) of the application signal (S(t)) and the reflected
signal (r(t)) has a global maximum;
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calculating, by a calculating unit, a correction signal (e(t))
by removing a delayed application signal (S(t-t1))
from the reflected signal (r(t)), wherein the delayed
application signal (S(t—t1)) corresponds to the applica-
tion signal (S(t)) with a time delay t1;

calculating, by a calculating unit, the predetermined cor-
relation function (R..{t)) of the correction signal (e(t))
and the reflected signal (r(t)) and obtaining a second
time (t2) at which the predetermined correlation func-
tion (R.At)) of the correction signal (e(t)) and the
reflected signal (r(t)) has a global maximum; and

calculating, by a calculating unit, a time difference (td)
between the second time (t2) and the first time (t1), and
finding a cable fault location and a fault type using the
time difference.

7. The cable fault diagnosis method of claim 6, wherein

the method uses a reflectometry selected one of Sequence

Time Domain Reflectometry (STDR) and Spread Spectrum
Time Domain Reflectometry (SSTDR).
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